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Abstract 

In an effective lagrangian approach Q to new physics, the authors in ref. 
pushed tau anomalous magnetic and electric dipole moments (AMDM and EDM) 
down to 10^^^ and 10"^^ e cm by using a Fritzsch-Xing lepton mass matrix ansatz. 
In this note, we find that, in this approach, there exists the connection between r 
AMDM and EDM and the lepton flavor mixing matrix. By using the current neu- 
trino oscillation experimental results, we investigate the parameter space of lepton 
mixing angles to r AMDM and EDM. We can obtain the same or smaller bounds 
of Sa-r and dr acquired in ref. and constrain 9i (the mixing angle obtained by 
long-baseline neutrino oscillation experiments) from r AMDM and EDM. 
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1 Introduction 



Some neutrino oscillation experiments in recent years indicate that neutrinos are massive 
and oscillate in flavor. That is to say, there exists lepton flavor mixing. Lepton flavor 
mixing is very important for solving some topics related to particle physics and cosmology, 
such as the lepton anomalous magnetic dipole moments (AMDM) and electric dipole 
moments (EDM) and lepton flavor violation (LFV) decays. 

Theoretically, the standard model predicts Sa-r = 1.1769(4) x 10~^ and a very tiny 
dr from CP violation in the quark sector. Experimental analysis of the e~^e~ t^t~^ 
process from L3 and OPAL collaborations gives that 6ar = 0.004±0.027±0.023 and dr = 
(0.0 ± 1.5 ± 1.3) X 10^^^ ecm 0]. We also note that the authors in ref. p, ^ investigated 
g — 2 and raditive lepton decays with the effective lagrangian approach. Moreover, in 
ref. [0, T. Huang, Z.H. Lin and X.M. Zhang firstly introduced the non-universal effective 
operators and leaded the lepton flavor violation to the effective approach. The authors of 
ref. [0] presented an effective lagrangian to describe the effect of new physics and obtained 
the bounds of AMDM and EDM. By using a special lepton mass matrix ansatz 0], ref. 
pushed the anomalous magnetic and electric dipole moments of tau lepton down to 

< 3.9 X 10"", \dr\ < 2.2 X 10-^^ ecm. (1) 

However these results were obtained only in one Fritzsch-Xing ansatz which induces the 
nearly bi-maximal mixing pattern for atmospheric and solar neutrino oscillations. 

In fact, there are a lot of lepton mass matrices ansatz |^ which are compatible with the 
current neutrino oscillation experimental data. Similar to the CKM matrix, the lepton 
mixing matrix can be also measured by experiments. However, at the present neutrino 
oscillation experiment level, it is difficult to put the precise values of lepton mixing matrix 
elements. From the several famous oscillation experiments, we can just obtain the range 
of these matrix elements. In the effective lagrangian approach, AMDM, EDM and lepton 
flavor violation are mainly related to the lepton mixing matrix. And thus we can flnd a 
connection between AMDM and EDM of tau lepton and the lepton flavor mixing matrix. 
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As a result, either can we investigate the parameter space of lepton mixing angles from 
experimental data of r AMDM and EDM, or can study the bounds of 5aj. and dr imposed 
by the mixing angles obtained from the current neutrino oscillation experiments. 

In this note, we briefly talk about AMDM, EDM and LEV in the effective lagrangian 
approach introduced in Sec. 2. In the sequent Sec. , the lepton mixing matrix and the 
numerically results are presented. And we summarize the subject in the last Sec. . 

2 Effective lagrangian with magnetic and electric dipole 
moments operators 

To study magnetic and electric moments beyond Standard Model (SM), the authors in 
refs. [jl], 1^ considered an effective lagrangian approach to new physics: 

i 

where Csm is the SM lagrangian, A is the new physics scale, Cj are SUc{S) x SUl{2) x 
f/y(l) invariant operators and Q are constants which represent the coupling strengths of 
Oi- A complete list of the operators can be found in Ref. Related to the anomalous 
magnetic moment of tau lepton, there are two dimension-six operators 

O^B = Ua^'^TR^B^, (3) 
Orw = Ua^'^jTRW^, (4) 

where a* is Pauli matrices ( i=l, 2, 3 ), = {1/^-, tl)'^ the r left-handed isodoublet, tr the 
right-handed singlet, $ the Higgs scalar doublet, and i?^,^ and W^^^ are strengths of f/y(l) 
and SUl{2) gauge fields. Similarly, operators below are introduced to induce the electric 
dipole moments of r |1| , 

OrB = Ua^'ti^TR^B^, (5) 
Orw = LrG^'ii^^TR^W;,. (6) 
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When $ gets vacuum expectation value, operators OrB and Orw can give rise to 
the tau anomalous magnetic moment. After the broken of electroweak symmetry and 
diagonalization of the mass matrices of the leptons and the bosons, the effective neutral 
current couplings of the leptons to the photon 7 is 

/o 
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where Sw = sin6'vK, Cw = cos 6*1^, and 9w is Weinberg angle. Matrix Ui is the unitary 
matrix which diagonalizes the mass matrix of the charged leptons. It is not measurable 
and dependent on the basis choice. For simplicity, we can choice the basis where neutrino 
is diagonal and work on neutrino mass basis. So, the unitary matrix Ul here is just the 
lepton mixing matrix Vi, 



Vi = u!u,, 



(9) 



where Ui, is the unitary transformation matrix that diagonalize the neutrino mass matrices 
Miy. By representing 



V = Vi 

the decay width of /—>/' + 7 is given by 

r(/ ^7) = 
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where Vii>{l 7^ /') are the non-diagonal elements of matrix V defined in Eq. (p!oD. The new 
physics contribution to the tau anomalous magnetic moment is given by M 



VrrS''\ 



(12) 



A similar formula holds for the tau electric dipole moment. So we can find r AMDM, 
EDM and LEV decays are all related to lepton mixing through the matrix V. 



3 Lepton mixing matrix and r AMDM and EDM 



The general form of the lepton flavor mixing matrix is [jTO 



V, 



12*-'13 



— S'i2Ci3 5*13 
5'l3S'23Ci2 + C23Ci2e*'' — 5'i3S'23S'i2 + C23Ci2e^^ —C13S12 
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(13) 



^— 5*13(723(712 + 5236*126* 5*13(7235*12 + 5*23(7i2e* C13S23 j 
where Sij = sin 6ij, Cij = cos 6ij, Oij is the mixing angles between different flavors; and S 



is CP phase. Putting aside the LSND experiments ||11|| , the mixing angles measured by 
atmospheric [0], solar |]13| and long-baseline experiments actually correspond to the 
6*23, ^12, ^13 respectively. If neglecting the possible CP- violating phase, and substituting 
^13; ^23 J ^12 with 9i, 9a, 9s, wc cau present the lepton mixing matrix as 



Vi 



\ 



(14) 



CiCg —SgCi Si 

SlSaCs + CaCs —SlSaSs + CaCg —5*^(7; 
\^~SlCaCs + SaSg SiSgCa + SaCg SaCi J 

where Sa = sin 9a, Ca = cos 9a, and so on. The present experimental data favor sin^ 29a > 
0.8 or 9a ~ 32° -45°, sin^ 29i < 0.1 or 9i ~ 0° -9.2°. There are two different possible cases 
to the solar neutrino oscillation: the long wave-length vacuum oscillation with sin^ 29s ~ 1, 



or 9s ~ 45°; and the matter-enhanced oscillation (MSW mechanism [|T^) with sin^26's ~ 
10"^ — 10"^ (small-angle solution) and ~ 1° — 3° or with sin^ 29s ~ 0.65 — 1 (large-angle 
solution) and 9s ~ 27° - 45°. 

From Eqs. (|lOD -(p!2D and we get the explicit form of the anomalous magnetic 

moment expressed in 9i, 9a and 9s, 
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By using the current experimental upper limits, BR{fi~ — > e~7) < 4.9 x 10^^^ IH^, we 
investigate the relation between 6ar and dr and the mixing angle 9i which are shown on 
Figs. 1, 2, 3 and 4. In the numerical calculation, we take 9a = 32° and 45° respectively, 
as well as = 1°, 27°, 45°. 



In the Figs, such as Fig. 1, all three curves, which correspond to Og = 1°,27° and 
45° respectively, as well as 9a = 32°, are all decrease to the lepton mixing angle which 
constrained by the long-baseline neutrino oscillation experiments. On the one hand. 
Considering the bound of Sur in Eq. ([l|), we find that the curve A can be excluded. That 
is to saw, 9s will be not in the region 1° — 3°. This result is suited to large mixing angle 
MSW solution {9s ~ 27° — 45°) which is favored by the recent data of the Super-K and 
SNO. For curve B (or C), the regions in which 9i < 1.8° (or 9i < 3°) can be excluded. The 
similar analysis can be used to the other three Figs. On the other hand, from the lepton 
fiavor mixing angles constrained by the experiments directly, we can obtain the bounds 
on 6ar and dr same as or smaller than these from the ansatz in Eq. if 9i lies in the 
scope about from 1.8° to 9.2°. In other words, by using the effective lagrangian approach 
and the lepton mixing matrix, we can push r AMDM and EDM down to very tiny values. 



4 Summary 

We extend the work in ref. to bound the AMDM and EDM of r in the effective la- 
grangian by considering the current experimental lepton mixing data. The experimental 
limits on — * 67 can put strong limits on r AMDM and EDM same as obtained in 
ref. [0]. Our results are compatible with the large mixing angle MSW solution which is 
favored by the recent data of the Super-K and SNO. The AMDM and EDM of r can also 
give some constraints on the lepton mixing angles 9s, 9a and 9i by solar, atmospheric and 
long-baseline neutrino experiment respectively. 
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Figure 1: Fig of |5a^| to 9i when 6a = 32° , as well as 9s = 1°, 27°, 45° respectively. 
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Figure 2: Same as Fig. 1 but 9a = 45°. 




Figure 3: Fig of \dr\ to 9i when 9a = 32°, as well as 9s = 1°, 27°, 45° respectively. 
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Figure 4: Same as Fig. 3 but 9a = 45°. 
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